Introduction
============

The second most common progressive neurodegenerative disease, Parkinson's disease (PD) is still a public health challenge (1% of the population over the age of 65 years and 5% of 85-year-olds are affected).[@b1-ndt-15-831] Nevertheless, PD is unique among the neurodegenerative disorders, as it has the highest number of proven symptomatic therapies which may improve the quality of life of patients with PD significantly. However, this also poses challenges to a clinician: how to maximize the level of clinical improvement with minimal dopaminergic side effects/complications. According to our present knowledge, the slowing of the progression of the disease cannot be proved, as there is a lack of generally accepted markers. Thus, the therapeutic recommendations of recent years focus on delaying or alleviating the complications of long-term levodopa (LD) treatment while improving clinical symptoms. Substitution therapy with LD, the current gold standard for PD management, is the most effective tool for clinical correction of dopaminergic tonus.[@b2-ndt-15-831] Despite the many decades of clinical experience, there is no clear position on how to manage LD treatment (appropriate time, dose and frequency, and monotherapy or its administration associated with other antiparkinsonian drugs). Ideally, therapy should start in a highly individualized way, determined by age and symptom severity at the time of diagnosis, but also taking into account potential associated diseases. In patients diagnosed at the age of 70 years or older, LD has virtually no alternative. In the last decades, several new antiparkinsonian drugs were approved and some of them are already largely used in different stages of PD. Based on clinical experience with newer antiparkinsonian drugs for younger patients (under 60 years), LD-sparing strategies were proposed instead of the early introduction of substitution therapy in an attempt to delay the onset of motor complications.[@b3-ndt-15-831]

There is little evidence from the literature regarding how therapeutic recommendations for early PD management are used in real-life clinical practice. The data collected in our clinic during the last 15 years, regarding the use of selective monoamine oxidase B inhibitors (MAO-Bi), have been partially reported;[@b4-ndt-15-831] also, our analysis of dopamine agonist (DA) usage is currently in press.

The purpose of our present paper is to analyze the treatment strategies (both regarding the introduction of LD and the usage of alternative therapies, ie, LD-sparing antiparkinsonian drugs) used in the early stages of PD in the 15-year practice database of the Neurological Clinics in Târgu Mures¸, Romania.

Aim and methods
===============

In this retrospective study we analyzed the data of all PD patients diagnosed according to the UK Brain Bank Criteria who were hospitalized in the Neurological Clinics in Târgu Mures¸ between 1 January 2003 and 31 December 2017. It must be noted that the criteria for admission changed significantly during the investigated period. In Romania it was customary to admit to hospital, at least once, every patient with a chronic neurodegenerative disease, especially due to the difficulties imposed by investigation of patients in an outpatient setting (especially regarding imaging techniques). Furthermore, at the time of introduction of DA drugs it was required that a patient be investigated in the Neurology Department of a University Clinic (initially for all DAs, later only for rotigotine). The same was true for the introduction of rasagiline and entacapone. This gradually disappeared as more experience with antiparkinsonian drugs accumulated and the legislation changed. We must note that apomorphine is not available at all and deep brain stimulation (DBS) is available for a very limited number of patients. Furthermore, we do not have access to safinamide, tolcapone, opicapone and extended release amantadine.

Based on the therapeutic recommendations of the final report of 2,379 patients, we analyzed the specificities of the age-dependent usage of several antiparkinsonian drugs in the early stages of PD. First, we created two groups of patients based on the time since PD diagnosis: longer than 5 years and less than or equal to 5 years.[@b4-ndt-15-831] In our earlier studies we showed that reliable documentation of treatment strategies for PD is possible, especially with regard to the date of LD therapy initiation. This type of division is also justified by the clinical observation that the upper limit of the efficacy of LD-sparing drug combinations is also around 4--5 years.[@b5-ndt-15-831] Patients with uncertainties regarding differential diagnosis, such as initial significant cognitive decline/dementia, severe depression and multiple lacunar infarctions confirmed by imaging studies, and any cases where LD was only a therapeutic test, were not included in this study.

Results
=======

In the examined period, 2,379 patients with PD received hospital care. The study group's main characteristics as well as the specificities of the treatment used in the early stages of PD are summarized in [Table 1](#t1-ndt-15-831){ref-type="table"}. In the case of patients with multiple hospital referrals we used the data from the first final report. In 489 cases, the beginning of the disease could not be established reliably. Out of the 1,237 patients diagnosed in 5 years or less, 18 were treated with MAO-Bi monotherapy and the treatment strategy of 665 patients included DA drugs either as monotherapy (in 120 cases) or associated with MAO-Bi (83 cases). In 521 patients LD monotherapy was used; also, an additional 481 patients were treated with LD in combination with DA and/or MAO-Bi. We also analyzed the treatment strategies used within different age groups (monotherapy or combination of specified antiparkinsonian drugs). These results are summarized in [Figure 1](#f1-ndt-15-831){ref-type="fig"}. Significant differences regarding LD monotherapy or combined therapy were not found in the different age groups ([Figure 2](#f2-ndt-15-831){ref-type="fig"}). In the age group below 50 years the LD doses were lower when used as monotherapy versus combination therapy (464.7±47.55 mg vs 501.5±44.26 mg, all values as mean±standard error of the mean). The opposing trend was observed in patients with age between 50 and 65 years (587.9±38.55 mg vs 551.3±18.1 mg). However, the only significant difference between LD doses was in the patients over 65 years when comparing monotherapy versus combined therapy (514.8±13.83 mg vs 545.9±15.28 mg, *p*=0.0037). The distribution of treatment strategies by gender is shown in [Figure 3](#f3-ndt-15-831){ref-type="fig"}. A chi-square test was used to evaluate potential differences between men and women but the differences were not significant statistically (*p*=0.23).

Discussion
==========

There are several symptomatic therapies for PD with efficacy proven both by clinical trials and decades-long medical practice. Clinically, the most effective and cheapest method for restoring dopaminergic tonus is substitution therapy with LD formulations.[@b6-ndt-15-831] The major disadvantage of LD is that, after 4--6 years of use, about 40% of patients will experience motor fluctuations and dyskinesia. It must be noted that the relationship of dyskinesia with PD duration and LD treatment is still under discussion.[@b7-ndt-15-831] Nevertheless, based on clinical observations it seems that in many cases if the therapy is started too early and with high doses, these complications may appear earlier and can be more severe, especially in younger patients. This recognition served as the basis for the dynamically changing therapeutic guidelines of the last decades, which in addition to improving symptoms, now also focus on delaying and alleviating the motor and non-motor complications of long-term LD treatment.[@b3-ndt-15-831],[@b5-ndt-15-831],[@b8-ndt-15-831] The fact that by the time clinical symptoms appear the dopamine levels of the nigrostriatal system have dropped by 70%--80% proves that there is a number of compensating mechanisms.[@b8-ndt-15-831] With the progress of the underlying neurodegenerative processes, the aberrant metabolism of LD to dopamine and its non-physiological release from the serotoninergic system, as a false neurotransmitter, contribute to abnormal stimulation of the already hypersensitive nigrostriatal dopaminergic receptors and induce the aberrant plasticity that will eventually lead to dyskinesia.[@b8-ndt-15-831],[@b9-ndt-15-831] The understanding of these complex processes has several important practical consequences as well: there is an increased appreciation of the endogenous, ie, still existing, dopamine level and the improvement of the pharmacodynamic efficacy of exogenous dopamine. Selective MAO-Bi may be suitable for both of the above purposes.[@b5-ndt-15-831],[@b6-ndt-15-831],[@b8-ndt-15-831] On the other hand, DAs "short-circuit" the complex adaptation mechanisms and the nigrostriatal neurons damaged by the neurodegenerative processes by direct stimulation of postsynaptic dopaminergic receptors.[@b10-ndt-15-831] The short and long-term significance of this recognition cannot yet be fully assessed. The clinical utility of selective MAO-Bi and DAs in early and late PD has been suggested by many clinical studies.[@b6-ndt-15-831],[@b8-ndt-15-831],[@b10-ndt-15-831]--[@b12-ndt-15-831] They can be used even in the advanced stages of the disease, after the introduction of device-aided therapies.[@b13-ndt-15-831]--[@b16-ndt-15-831]

The mechanisms involved in the development of motor complications are only partially known. Motor fluctuations are likely to be related to the short half-life of LD as well as its irregular bioavailability, whereas dyskinesia may appear as a result of a complex, multifactorial, pre and post-synaptic abnormal plasticity that can be determined by the severity of the disease, the striatal degeneration rate, the LD doses used, the age of the patient, gender and body weight as well as the duration of the substitution treatment.[@b17-ndt-15-831] A better understanding of these factors and taking into account the already mentioned compensation mechanisms can provide the basis for LD-sparing strategies that may delay motor complications. In addition to the unavoidable onset of motor complications, the physician's efforts are further undermined by the progressive reduction of LD's therapeutic efficacy as well as the frequent side effects. In addition to the dynamically changing therapeutic guidelines, clinical trials with third-generation MAO-Bi and catechol-O-methyltransferase inhibitors are intended to mitigate/delay these disadvantages.[@b18-ndt-15-831]--[@b21-ndt-15-831]

The introduction of LD, in a strictly individualized manner, should be based on the following important aspects: age of the patient and disease duration at the time of diagnosis, degree of dysfunction, cognitive status, possible comorbidities and drug side effects. There is no uniform, generally accepted recommendation on the timing of the introduction and the optimal dosage of LD. In the case of older patients, ie, over 70 years old, if mild cognitive decline and/or other comorbidities are present, small doses of gradually introduced LD treatment are considered rational pharmacotherapy. In patients under the age of 60 years, early substitution therapy should be carefully considered based on the patient's age and the patient's personal option. According to current therapeutic recommendations the age of 65 years is considered a "milestone" for "levodopa-sparing" treatment strategies.[@b3-ndt-15-831],[@b5-ndt-15-831] Both DAs and selective MAO-Bi as well as their combination could be a valid therapeutic option. Most of the practicing neurologists consider that the efficacy of LD-sparing treatment strategies is significantly reduced after a 5-year treatment period, which is why we chose this timeframe as the basis of our present study. Nevertheless, clinical studies have shown that in about 35% of patients pramipexole or ropinirole monotherapy was still an efficient alternative even after 5 years of treatment.[@b17-ndt-15-831]

There is little evidence in the literature about the therapeutic strategies used in everyday (real-life) practice. The interpretation of current results is also fuzzy due to the fact that several articles are using data based on the market share of some antiparkinsonian drugs and various budgetary parameters. The adequate interpretation of the latter by the clinician is often cumbersome.[@b22-ndt-15-831]--[@b24-ndt-15-831] Although the scope of drugs used in PD is rather limited in other diseases, the existence of "other" options/suggestions, especially for anticholinergics and DAs, may call into question the accuracy of the data from these studies. Furthermore, potential diagnostic mistakes should be considered, especially if the diagnosis or treatment is not the attribute of a neurologist. The drug support scheme in some countries that sometimes limits the use of more expensive MAO-Bi and DAs can significantly affect the use of several antiparkinsonian drugs.[@b22-ndt-15-831] Against this background, it is reasonable to assume that studies based on the market share of individual drugs do not reflect real-life clinical practice but only current therapeutic tendencies. One good example would be the study published in 2014 by Pitcher et al,[@b25-ndt-15-831] regarding the use of antiparkinsonian medication in New Zealand, that showed the marked increase of several antiparkinsonian agents once funding was available in this country. Also, only a small part of the articles dealing with the subject detail the therapeutic strategies used in the early stages of PD.[@b10-ndt-15-831],[@b26-ndt-15-831] In a study that investigated PD in Southwest China, DAs were used as initial monotherapy in 39.4% of patients diagnosed under the age of 65 years, and 21.5% in those aged 65 years and over; LD monotherapy was the most common in both age groups: 43.5% and 73.1%, respectively.[@b27-ndt-15-831] In the same study, MAO-Bi were used as initial monotherapy in 10.3% of patients under the age of 65 years and in 3.3% of those over 65 years.[@b27-ndt-15-831] However, in a recent study published in 2017, the rate of application of DAs was 67.26%, despite the fact that DAs are being described as a decisive cost-increasing factor. Data from this article also show that the proportion of MAO-Bi is 16.38%, which is lower than the proportion found in Germany, with a MAO-Bi application rate of 26.9%.[@b28-ndt-15-831] According to a 2013 study of PD in the Scandinavian countries, DAs are more common in Norway (37% of examined patients) than in Sweden (16%). Combined therapies were used in 68% of cases in Sweden and 72% in Norway. The most common combination used in Sweden was LD+pramipexole (14%); the same association in Norway was "only" 7% (the combination of LD+selegiline was more common, at 10%). Since rasagiline has been classified in this study as "others" (together with the LD-carbidopa intestinal gel), the role of MAO-Bi is difficult to evaluate.[@b29-ndt-15-831] In a study published in 2016 by Peretz et al[@b26-ndt-15-831] regarding patients with selegiline or rasagiline monotherapy in Israel, the authors did not find any significant difference between the time required for the introduction of dopaminergic therapy (DA or LD); however, the association of rasagiline with pramipexole significantly delayed the introduction of substitution therapy. An article in 2015 that evaluated the treatment of 16,785 PD patients in the United States analyzed the changes/trends regarding each of the antiparkinsonian drugs. The proportion of DAs in 2001 was 21.7%, and this increased to 31.2% in 2006 but fell again to 27% in 2012.[@b30-ndt-15-831] DA monotherapy in Taiwan represented 2.25% of prescriptions in 2004 and then increased to 4.85% in 2011 in younger patients. Also, the percentage of DA monotherapy prescribed was almost twofold higher compared to the older-aged group.[@b31-ndt-15-831]

There are hardly any data on LD doses used in PD's early stages. In a study published in 2005 by Möller et al,[@b32-ndt-15-831] data from questionnaires completed by 6,620 patients were used. Patients were divided into two groups based on the duration of the disease: longer than 7 years and shorter than 7 years. In patients with a history of less than 7 years of PD the average LD dose was 466 mg/day, significantly lower than the 726 mg/day in patients with disease duration longer than 7 years. Compiling data from our database yielded similar values ([Figure 2](#f2-ndt-15-831){ref-type="fig"}).

A widely accepted view is that the female gender is an independent predisposing factor for the development of dyskinesia. In light of this opinion an interesting question refers to the use of LD depending on the patient's gender, especially in patients diagnosed with PD before the age of 65 years. Data from our database revealed that LD monotherapy was used, in this age group, more frequently in men; however, this result was not statistically significant ([Figure 3](#f3-ndt-15-831){ref-type="fig"}). A similar tendency can be observed in Möller et al's study: men received a significantly higher dose of LD (644 mg) than women (539 mg).[@b32-ndt-15-831]

The general neurologist, ie, not a movement disorders specialist, considers the DAs antiparkinsonian effect to be inferior to that of LD and somewhat stronger than MAO-Bi, and in everyday clinical practice the latter is more commonly used as adjuvant therapy instead of a real LD-sparing alternative. Their judgment is not significantly improved by the better therapeutic adherence, although this has been demonstrated by a number of studies.[@b33-ndt-15-831],[@b34-ndt-15-831] If compliance is poor, the clinical condition of patients deteriorates more rapidly. Consequently, the quality of life of both patients and relatives is reduced and the health expenditure increases. In the early stage of the disease, when a single dose of long-acting DA or MAO-Bi, or a combination of these, is sufficient to alleviate symptoms, the patient's interaction is greatest.[@b30-ndt-15-831],[@b35-ndt-15-831] It is likely that this also explains the more common rasagiline usage found in our analysis.[@b4-ndt-15-831]

The decision of a clinician to choose LD or DA as an introductory therapy is influenced by a number of factors but a more detailed analysis of this decision (including, but not limited to, the advantages and disadvantages as well as the short and long-term side effects of individual DAs) goes beyond the scope of this study. LD therapy is limited by the appearance of motor complications, which in turn may lead to an unjustified phobia regarding LD and the overuse of DAs, whereas the use of DAs is complicated mainly by the non-motor complications, such as impulse control disorders, daytime sleepiness and sudden sleep.[@b36-ndt-15-831]--[@b42-ndt-15-831] Because our study looks at a long period it is hard to retroactively statistically assess how much of the clinical decisions was influenced by the early optimism (as reflected in the initial studies) regarding the potential disease-modifying effect as well as the magnitude of the clinical efficacy of DAs.

An important practical aspect refers to the generally accepted view that DAs have a significant antidepressant effect. This view was initially based on the results of mostly open, non-double-blind, placebo-controlled studies but later similar results were found in well-designed clinical studies of pramipexole and rotigotine.[@b43-ndt-15-831]--[@b45-ndt-15-831] This may explain the more frequent use of pramipexole and later rotigotine in our patients (in press article).

In our study, 14 (1.1%) out of the 1,237 early stage PD patients did not start therapy at the time of diagnosis; this probably may be explained by the relatively high mean age of the group (78.92±4.21 years) and/or the possible presence of comorbidities ([Figure 1](#f1-ndt-15-831){ref-type="fig"}). We also need to highlight the relatively high proportion of young (under 65 years of age) patients with LD monotherapy. In everyday clinical practice it is not uncommon to observe that once MAO-Bi or DA monotherapy is not efficient anymore and substitution therapy is unavoidable due to the progression of the disease, the therapist will switch directly to LD monotherapy. This happens in spite of the presumed fact that the combined therapy may favor the aforementioned compensatory mechanisms, delay the onset of motor complications and, additionally, allow the use of lower LD doses.[@b46-ndt-15-831],[@b47-ndt-15-831] Therefore, we interpret as a negative trend the fact that in our study, in all age groups, the proportion of patients treated with combined therapy (LD±DA±MAO-Bi) was below 50%. In patients treated with LD from the start, if the severity of the clinical picture forces us to change therapy, the introduction of DAs as complementary treatment can result in similar improvement as the sole increase of LD dosage, but with a considerably lower risk of dyskinesia. According to a study published in 2010, the proportion of patients who developed dyskinesia was 3% in patients receiving ropinirole-supplemented therapy versus 17% in the case of patients with an elevated dose of LD.[@b48-ndt-15-831]

We consider our examined sample representative. The University Teaching Hospital of Târgu Mures¸, Romania, with its Neurological Clinics, draws patients from a relatively large geographical area (around eight counties). Besides the international guidelines regarding the treatment of PD there is a national therapeutical guideline, which is enforced both nationally and locally. Nevertheless, in Romania, and more generally in Eastern Europe, due to mostly financial constraints new antiparkinsonics are firstly used with a latency of perhaps 1--2 years; also, several new drugs are still not available (safinamide, tolcapone, opicapone). According to the current Romanian legislation, medical treatment of PD is free of charge, but during the investigated period the prescription of several drugs required approval of regional professional committees (such as rasagiline, rotigotine, entacapone). This resulted in a significant increase in hospital admissions, as both the accuracy of the diagnosis and the reasonableness of the given treatment required proper documentation. We should also emphasize that in Romania the diagnosis of PD, start of therapy as well as tracking of therapy effectiveness are the sole competence of the neurologist.[@b4-ndt-15-831] In contrast, according to the aforementioned US article, neurological testing is not mandatory in PD's early stages; also, according to the study involving Scandinavian countries, nearly one in four PD cases is seen only by general practitioners, geriatricians or related field physicians.[@b29-ndt-15-831],[@b30-ndt-15-831] This is similar to Israel, at least regarding the clarification of diagnosis and beginning of therapy. However, in this case the younger the patient, the greater the likelihood that a neurologist will get involved.[@b26-ndt-15-831] Based on the large number of patients hospitalized during the 15 years analyzed, we believe that our analysis is a true reflection of the therapeutic trends of PD in Romania as well as Eastern Europe.

Among the strengths of our study we highlight the accuracy of the diagnosis, as only patients admitted to the university clinic are included; the large number of cases and the long evaluated period. All these factors, when considered together, provide a more realistic picture of the therapeutic decisions that are made in everyday practice when compared to a clinical trial that uses strict inclusion criteria. The retrospective method, however, has its limitations: there are unknown or missing data, and only a cross-sectional view of PD is provided as there is no information about patient follow-up, efficacy of the treatment and potential side effects. Also, there is no national database against which our data could be compared.

Conclusions
===========

The therapeutic strategies used in the early stages of PD in the study period are similar to those found in the literature. In the opinion of the authors, neurologists treating this disease should, with due diligence, apply a greater proportion of different LD-sparing combinations, especially if they are not financially burdensome. Additionally, if the severity of the clinical image requires substitution therapy, the use of combined therapies (MAO-Bi and/or DAs) can significantly reduce LD doses and thus the requirement to use the minimum efficient LD dose can be achieved.
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![Average treatment dose of levodopa.\
**Note:** Chart shows mean doses and standard error of mean.\
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Summarized results

  Characteristic                                             Value
  ---------------------------------------------------------- -------------------
  Total: n (%)                                               2,379 (100%)
   Men                                                       1,249 (52.5%)
   Women                                                     1,130 (47.5%)
  Average age (mean±SD)                                      
   Total                                                     67.23±10.42 years
   Time since PD diagnosis ≤5 years                          65.31±10.51 years
   Time since PD diagnosis ≥5 years                          67.05±10.42 years
   Time since PD diagnosis unknown                           72.35±8.38 years
  Time since PD diagnosis                                    
   ≤5 years: n (%)                                           1,237 (52.0%)
   ≥5 years: n (%)                                           653 (27.4%)
   Not known: n (%)                                          489 (20.6%)
  Treatment strategies in case of PD diagnosed in ≤5 years   
   MAO-Bi monotherapy                                        18/1,237 (1.5%)
   DA monotherapy                                            120/1,237 (9.7%)
   LD monotherapy                                            521/1,237 (42.1%)
   DA+MAO-Bi                                                 83/1,237 (6.7%)
   Combined treatment                                        481/1,237 (38.8%)
   No treatment                                              14/1,237 (1.1%)
  Average age in case of different treatment strategies      
   MAO-Bi monotherapy                                        55.21±9.25 years
   DA monotherapy                                            59.87±11.34 years
   LD monotherapy                                            69.01±9.04 years
   DA+MAO-Bi                                                 57.71±9.32 years
   Combined treatment                                        64.15±9.77 years
   No treatment                                              78.92±4.21 years

**Abbreviations:** PD, Parkinson's disease; MAO-Bi, monoamine oxidase B inhibitors; DA, dopamine agonist; LD, levodopa; combined treatment, LD±DA±MAO-Bi.
